Period 3. Blood samples for luteinizing hormone (LH) were collected via jugular cannula prior to each initial GnRH injection and then at 10-rain intervals for 12 h. At each period approximately 6 h after feeding, an additional blood sample was collected for determination of plasma glucose levels. There was no difference in the magnitude of the LH surge between C and P heifers at Period 1, although P heifers had an LH surge of longer duration (P<.025) after the first GnRH injection than did C heifers. Propionate-treated heifers also had a lower concentration of plasma glucose (P<.10) than did C heifers at Period 1. At Period 2, the magnitude of the LH response to the first GnRH injection was greater in P than in C heifers (P<.005). Propionate-treated heifers also had a slightly higher peak LH concentration and a slightly greater area under the LH curve after GnRH injection than did C heifers (P>.10). Plasma glucose concentration at Period 2 was greater (P<.10) in P than in C heifers. At Period 3, P heifers switched to C maintained a greater LH response to both the first (P<.05) and the second (P<.025) GnRH injection than did C heifers switched to P. There was no difference in plasma glucose levels between C heifers switched to P and P heifers switched to C at this period. We conclude from these data that abomasal infusion of propionate enhances the ability of the prepuberal heifer to respond to a GnRH challenge. The design of the experiment did not allow us to distinguish between a direct propionate effect or a general energy level effect. 
I ntroduction
Monensin sodium has been shown to cause a shift in the rumen VFA concentrations such that the molar proportion of propionate is increased at the expense of acetate and butyrate Richardson et al., 1976) . Propionate has been shown to affect the endocrine system. Hertelendy et al. (1969) demonstrated that propionate infused iv at physiological levels stimulated insulin secretion in sheep. At high levels, propionate infusion stimulated both insulin and growth hormone secretion (Bryce et al., 1975) .
Alteration of the rumen fermentation pattern toward increased propionate production, either by the addition of monensin or by the feeding of a high concentrate diet, has been shown to decrease age and weight at puberty in beef heifers (Moseley et al., 1977; McCartor et al., 1979) . Conversely, when prepuberal heifers were fed a protein-protected lipid, a feedstuff in which the major energy source is protected from ruminal degradation, puberty was attained at a significantly later age and greater weight than in control heifers (Rhodes et al., 1978) . Prepuberal heifers fed monensin have an enhanced ovarian response to both endogenous and exogenous gonadotropin stimulation (Bushmich et al., 1980) . In addition, prepuberal monensin-fed heifers have an enhanced ability to release luteinizing hormone (LH) in response to exogenous gondotropin releasing hormone (GnRH; Randel and Rhodes, 1980) or estrogen (Randel et al., 1982) when compared with nonmonensin contemporaries. These studies suggest that an integral relationship exits between reproductive performance, reproductive hormone secretion and(or) synthesis and ruminal VFA production.
Although changing the ruminal VFA patterns toward greater production of propionate has been shown to affect reproductive traits, it has not been demonstrated that this effect is due to propionate itself. The major objective of this study was to determine if propionate was mediating the effect on the pituitary's responsiveness to GnRH seen with dietary monensin or a high concentrate diet. Therefore, abomasal infusion of popionate was chosen to avoid changing the ruminal VFA concentrations between control and propionate treatments. Williams et al. (1968) showed that the abomasum is capable of absorbing VFA at rates comparable to those observed in the reticulo-rumen, and Symth and Taylor (1958) also reported that the small intestine of sheep is capable of absorbing VFA at a rate similar to that observed in the rumen. Therefore, the objectives of the current study were (1) to determine if abomasally infused propionate can affect the capacity of the prepuberal pituitary to respond to an exogenous GnRH challenge, and (2) to determine whether a propionate effect can be initiated and abolished within a short period of time.
Materials and Methods
Twelve prepuberal Brangus heifers (8 to 10 mo of age; 167 to 196 kg) were paired based on presurgery weight and randomly assigned to receive either water (C) or propionate (P) infusion. Abomasal cannula were implanted according to the procedure of Schelling (1968) 21 to 22 d prior to the start of the infusion treatments. Following a 10-d postoperative recovery period, heifers were placed in stanchions and individually fed the experimental diet (table 1) at 0700 h and 2000 h (2.25 kg/ feeding). The diet was designed to result in a .5 kg gain/d and was fed at 90% of ad libitum in- take to ensure total consumption. Heifers were acclimated in their stanchions for 11 d prior to the start of the infusion treatments. Infusions were delivered continuously throughout the trial via a peristaltic pump at a rate of 1,150 ml/d; the infusate was either water (C heifers) or 200 g of propionate plus 950 ml of water (P heifers). The amount of propionate infused was calculated to be approximately 9% of the total daily digestible energy intake in the experimental diet. This level of propionate was chosen on the basis of increased ruminal propionate production rates reported in sheep (Leng and Leonard, 1965) and in steers (Van Maanen et al., 1978) fed hay diets supplemented with monensin. Propionate was provided as the acid form.
For assessment of both the pituitary's initial capacity to release stored LH and its subsequent capacity to synthesize LH, two 100 ug GnRH challenges were given. The GnRH challenges were administered im 6 h apart at each of the following periods of the trial: Period 1-24 h after the start of the infusion treatment; Period 2-after at least 21 d of infusion treatment and Period 3-24 h after the infusion treatments were switched. Infusion treatments were switched (i.e., C switched to P and P switched to C) immediately after the last blood sample was drawn (2000 h) at Period 2, and treatment was continued until the last sample was drawn at Period 3. First and second GnRH injections were given at 0800 h and at 1400 h, respectively, for Periods 1 and 2, and at 2000 h and 0200 h, respectively, for Period 3. One blood sample was collected via jugular cannula at approximately 10 min prior to the first GnRH injection at each period for determination of basal LH concentration. Blood samples were then drawn at 10 min intervals after the first GnRH injection for the next 12 h. Blood samples were immediately placed on. ice and sera were harvested approximately 24 h later. Serum was stored at -20 C until assayed for LH by the double antibody radioimmunoassay described by Niswender et al. (1969) , with modifications as reported by Forrest et al. (1980) . Antibovine LH serum, B-225 (supplied by G. D. Niswender) was used as the first antibody. A 1:120,000 dilution of the antibody, which bound 17% of the highly purified bovine 6 Amersham, Searle, Chicago, 1L. 7Glucose Kit, Sigma Chemical Co., St. Louis, MO.
LH (LER-1072-2, supplied by L. E. Reichert) iodinated with 131i 6, was utilized. Nonspecific binding was less than 2%. Sheep antirabbit gamma globulin (P4) was used as the second antibody. Bovine LH (NIH-LH-B9; biological potency, .70 NIH-LH-S1 units/mg) was used as the reference standard and results were expressed in terms of this preparation. At approximately 6 h after the 0700 h feeding during each sampling period, an additional 10 ml of blood was collected via the jugular cannula into heparinized tubes. These samples were immediately placed on ice, transferred to the laboratory and centrifuged to harvest plasma. The plasma was stored at --20 C until assayed for glucose using the oxidase method 7 described by Raabo and Terkildfen (1960) .
Serum LH concentrations at each sampling period were averaged within treatments for each sampling time after GnRH injection. These mean LH concentrations over time, hereafter referred to as magnitude of the LH surge, were then subjected to factorial analysis of variance to determine treatment differences. In addition, individual LH curve characteristics, including peak LH concentration, time to the LH peak, duration of the LH surge and area under the LH curve, were determined for each heifer at each sampling period. An LH surge was defined a sustained elevation of LH at least two standard deviations above the heifers' LH level prior to the GnRH injections. The peak LH value was the highest LH concentration observed for each heifer after GnRH injection. Duration of the LH surge for each heifer was determined by calculating the time interval from the start of the GnRH-induced LH surge until the LH concentration returned to within one standard deviation of the LH concentration prior to the surge. Area under the LH curve for each heifer was calculated by integrating the LH concentration over time by a method described by Stein (1967) . Treatment means were calculated and differences in the individual LH curve characteristics between treatments at each sampling period were compared by the Student's t-test. Changes in plasma glucose concentration between treatments and sampling time were also compared by the Student's t-test (Steel and Torrie, 1960) .
Results and Discussion
Following each GnRH challenge, both treatment groups exhibited LH surges, as evidenced ii.
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- Figure 1 . Mean plasma luteinizing hormone (LH) concentrations after two 100-~g injections of gonadotropin releasing hormone (GnRH) administered at 6-h intervals to heifers previously infused with propionate (P) or water (C) for 24 h. Magnitude of the LH response was similar (P>.IO) for the two treatment groups in periods designated NS.
by the increase in serum LH, within 10 min after injection. This rapid increase in LH is in agreement with the observations of Fernandes et al. (1978) who reported an increase in serum LH within 5 min after GnRH injection. Mean pre-GnRH concentrations of LH (ng/ml -+ SE) did not differ significantly between C and P treatments at Period 1 (C, .62 + .49 ng/ml; P, .19 -+ .11 ng/ml), Period 2 (C, .24 + .16 ng/ml; P, .13 + .II ng/ml) or Period 3 (C switched to P, .21 + .11 ng/ml; P switched to C, .15 + .10 ng/ml). Magnitude of the LH release (mean LH concentrations averaged within treatment at each 10-min sampling interval) after both the first and second 100-/~g GnRH challenges did not differ significantly between C and P heifers at 24 h after the start of infusion (figure 1). Duration of the LH surge after the first GnRH injection, calculated for each heifer and averaged within treatment, was longer (P<.025) in P heifers than in C heifers (246.7 + 9.2 and 196.7 + 13.1 rain, respectively). There were no other significant differences in the individual LH curve characteristics between C and P heifers, although P heifers had a slightly higher average LH peak concentration, a slightly shorter average time to the LH peak and a slightly greater average area under the LH curve after GnRH injection than did C heifers. These small differences in the individual LH surge characteristics were apparently not sufficient to cause a signifcant difference in the total LH response. The GnRH-induced LH peak concentrations were comparable with the LH levels previously reported by Randel and Rhodes (1980) for prepubertal hefiers receiving two 100-//g GnRH challenges and by Kesler et al. (1977) for postpartum dairy cows receiving one 100-/~g GnRH challenge. The approximately 50% decrease in pituitary responsiveness after the second GnRH injection seen in both treatment groups is also in agreement with results reported by Randel and Rhodes (1980) .
After at least 21 d of infusion, P heifers showed greater (P<.005) magnitude of the LH surge to the first GnRH injection than did C i-'x.
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Figure 3. Mean plasma luteinizing hormone (LH) concentrations after two 100-gg injections of gonadotropin releasing hormone (GnRH) administered to heifers at 6-h intervals after a 24 h reversal of the previous 21 d infusion of propionate (P switched to C) or water (C switched to P). heifers (figure 2). Magnitude of the LH surge did not differ between treatment groups after the second GnRH injection at Period 2. Due to individual animal variation, no statistical differences were detected in the individual LH surge characteristics between C and P treatments after either GnRH injeciton. However, P heifers showed a slightly higher peak LH concentration (22.6 + 5.5 vs 14.2 -+ 3.5 ng/ml) and a slightly greater area under the LH curve (2,292.0 + 917.1 vs 1,448.9 s 456.6 arbitrary units), which, in an additive manner, contributed to the significantly greater overall LH release of P heifers compared with C.
When the infusion treatments were switched and heifers were challenged with GnRH 24 h later (figure 3), the heifers that had previously been receiving propionate infusion for at least 21 d (P heifers switched to C) exhibited a greater LH release after both the first (P<.05) and second (P<.025) GnRH injections than did heifers previously infused with water and switched to propionate for 24 h (C heifers switched to P). Among the individual LH curve characteristics, only the duration of the LH surge differed (P<.05) between the two treatments after the second GnRH injection (161.7 + 14.4 men for P heifers switched to C vs 125.0 + 7.6 men for C heifers switched to P). Propionate-treated heifers switched to C also had a slightly greater average peak LH concentration and a slightly greater average area under the LH curve after both the first and second GnRH injection than did C heifers switched to P (P>.10), which probably accounted for the greater overall LH release observed in P heifers switched to C. For both C heifers switched to P and P heifers switched to C, peak GnRH-induced LH concentrations at this sampling period were lower than the peak LH levels observed at the previous two sampling periods and those values reported by Randel and Rhodes (1980) . These lower values could perhaps have been due to depletion of pituitary reserves, because the first GnRH injection at Period 3 was the third challenge these heifers had received within 36 h.
Plasma glucose levels at approximately 6 h after the morning feeding were higher (P<.10) in C than in P heifers after 24 h on infusion treatment (table 2) . These results were expected because of a short-term over-stimulation of insulin in heifers receiving propionate infusion. Bergman and Wolff (1971) reported that iv infusion of propionate and butyrate at physiological entry rates was associated with significant elevations in insulin and glucagon concentrations. In addition, intraruminal administration of VFA was associated with a brief elevation of glucagon and insulin, while intra-abomasal infusions of VFA produced a more dramatic elevation in plasma insulin and glucagon (Bassett, 1972 ). After at least 21 d of infusion treatment, P heifers had higher (P<.10) plasma glucose concentrations than did C heifers. These results indicate that, after adaptation of the metabolic system to the sudden increase in a glucose precursor seen at Period 1, P heifers had more circulating glucose and a higher glucose concentration potentially available to target tissues. Mean plasma glucose concentrations were similar for the two treatment groups at Period 3. These data indicate that the metabolic processes involved in the capacity of the pituitary to respond to GnRH and subsequently to release LH had already begun to undergo changes by 24 h after the start of propionate infusion. By at least 21 d after the start of propionate infusion, the pituitary was capable of releasing significantly more LH in response to GnRH than pituitaries of heifers receiving water infusion. Moreover, this enhanced ability to the pituitary to release LH was maintained for at least 24 h after cessation of propionate infusion. The greater LH release in response to GnRH could be due to an increase in GnRH receptors on the gonadotropin cells, an increase in LH synthesis and storage within the gonadotropin cells, or a combination of both of these factors. Luteinizing hormone could also have been cleared at a slower rate in P heifers than in C heifers. Although not measured in this study, Bushmich et al. (1980) showed an enhanced ovarian sensitivity to gonadotropins in heifers with increased molar proportions of ruminal propionate. An increase in endogenous estrogens could also be increasing the sensitivity of the pituitary to GnRH (Convey et al., 1981) .
In this study it is not possible to distinguish between a metabolizable energy level effect and a direct propionate effect. Because propionate is the major glucose precursor in ruminants (Bassett et al., 1970) , and because our results show an increase in plasma glucose concentration after at least 21 d on propionate infusion, an increased glucose availability to the gonadotrophs might be mediating the enhanced capacity of the pituitary to respond to GnRH by increasing the cells' available energy to perform its general metabolic functions. A direct effect of propionate at the level of the gonadotropin cells, however, cannot be ruled out. Propionate could be absorbed and converted to glucose within these cells or could be absorbed and converted to other metabolites involved in the cells general metabolic functions and capacity to respond to a GnRH stimulus. It should also be noted that propionate can affect other metabolic hormones, such as insulin and glucagon, that may play a role in the regulation of the synthesis and release of LH.
In conclusion, this study has shown that abomasal infusion of propionate enhances the capacity of the pituitary of prepuberal heifers to respond to a GnRH challenge and that this enhanced ability of the pituitary to relase LH is maintained for at least 24 h after cessation of propionate infusion. Furthermore, propionate infusion for at least 21 d resulted in an increased concentration of plasma glucose.
